The present controversial status of the problem of transport rate as related to temperature is briefly summarized in a recent paper by WENT and HULL (8). As pointed out by these authors, the reported Qlo values for translocation range from less than 1 (7, 8) , to essentially 1 (5), to values greater than 1 (3, 4).
Materials and methods
The report by WEINTRAUB and BROWN (6) that stem elongation of Phaseolus vulgaris var. Black Valentine was directly proportional, within the range of 0 to .75 M, to the concentration of sugar supplied to the leaves suggested that this relationship could be used as a basis of approach for studying the effect of temperature on translocation of carbohydrates. If temperature has an effect on the rate of movement of sugar through the petiole then the amount of sugar reaching the growing tip will vary with temperature and the rate of elongation should vary accordingly. Stem elongation may then be used as an index to the effect of temperature on translocation of sugar. The basic features of the method, therefore, consisted of jacketing the petiole of one primary leaf, immersing the blade in sugar solution and measuring the subsequent elongation of the plant occurring in the dark.
Seeds of Phaseolus vulgaris, variety Burpee's Stringless Greenpod (in earlier experiments) or Black Valentine (in later experiments), were planted in sand and allowed to germinate under greenhouse conditions. As soon as the hypocotyls had straightened (6 to 8 days), selected seedlings were transplanted to soil in 2i-inch pots, one per pot, and maintained in the greenhouse until the plants developed to a size suitable for use in the experiment. The plants were then transferred to a dark room for a period of 24 to 48 hours to deplete the carbohydrate reserves of the plants. Following the dark period the plants were transferred to specially constructed temperature units. Each of these units (referred to hereafter as "plant units") held 10 plants, and eight such units were employed in each experiment. Each experiment, therefore, comprised a total of 80 plants. During each run the plant units were kept in a dark cabinet thermostatted at 20 + 10 C.
The box-type temperature jackets (A, fig. 1 ) were constructed from k-inch tempered masonite. Four of these units were provided with electric heating elements, consisting of four lengths of no. 18 gauge nichrome wire in both the top and bottom of each box, and joined serially. With proper voltage regulation, it was possible to maintain the temperature within these boxes at any desired level above the cabinet temperature, within a range of 1o C. In addition to the four electrically heated boxes, two boxes were refrigerated by circulating cold water through brass pipes mounted inside the boxes. The cold water was provided by a refrigerated reservoir set up outside of the cabinet and cooled by a i H.P. cooling unit. The bath was thermostatted at 1.0 ± 0.50 C, but in warm weather, this low temperature setting exceeded the capacity of the refrigerating unit and the effective operating temperature was about 40 C and occasionally even higher. A centrifugal pump with submerged pump casing was used to circulate the water through the system. Rectangular brass tubing 1 inch wide x i inch deep x 32 inches long was used as the cooling element in one box, and k-inch diameter brass tubing in the other. Although connected in series with each other, the difference in heat exchange area of these two units was sufficient to maintain a 5 to 70 C differential between the two boxes. The actual operating temperature of these boxes depended on the degree of cooling attained in the reservoir, the temperature of the one box varying from 5 to 100 C, and the other box from 10.5 to 160 C for different experiments. During any given experiment, however, the temperature for each box varied only by + 1.50 C.
The remaining two boxes were not equipped with heating or cooling elements and therefore provided the same temperature as the cabinet, i.e., 20 + 10 C.
As illustrated in figure 1, the pots (E) were packed in vermiculite (F). This procedure, in addition to facilitating watering, permitted simple adjustments during setting up of the experiments for the varying heights of hypocotyl, by the simple expedient of burying the pots to greater or lesser depths in the vermiculite.
After the plants had been mounted in the plant units, the length of the epicotyl, from primary leaf node to the tip of the youngest bud (referred to hereafter as the stem measurement), and the length of first trifoliate leaf, from its axil to the tip of its terminal leaflet (referred to hereafter as the leaf measurement), were taken to the closest millimeter. The blade of the treated leaf (B) was then rolled and immersed in nutrient (sucrose) solution (C), the blade of the opposite leaf (D) removed, the plant units installed It can be observed from this graph that the maximum rate of transport, as measured in terms of maximum elongation of stem, occurred at petiole temperatures around 20 to 300 C. At temperatures both above and below this range, elongation rate and presumably, therefore, transport rate were considerably reduced.
The difference between means at the optimal and above-optimal petiole temperatures used in these experiments was characteristically very significant. In certain experiments, however, the difference between the optimal and sub-optimal petiole temperatures was significant only at the 5 to 6% level.
Growth of the check plants as related to petiole temperature followed essentially the pattern indicated in figure 2 (curve ti-A) . In a few experiments a more distinct type of optimum curve was indicated, somewhat corresponding to the curve for the sugar-supplied plants. Although the sample size of check plants was insufficient to establish statistical significance for the differences in elongation at the different treatments, there is the suggestion that petiole temperature influenced the transport of the naturally occurring foods in much the same way as it influenced the transport of externally supplied sucrose.
It should be emphasized that the above inferences relating transport rates to temperature are based on experiments in which the time factor wasof considerable duration (65 to 135 hours). It is recognized that plants growing in the field are subjected to a variable temperature program, and the inferences drawn from the above studies may not apply to field conditions. Discussion Figure 3 is a comparison of the results of HEWirr and CURTIS' experiments (4), which cover essentially the same temperature range, with those of the present investigation. In comparing these results, it is essential to recall that Hewitt and Curtis' data were obtained by measurement of dry weight losses of plants which were subjected in their entirety to the specified temperatures. In the present experiments, only the petiole temperature of the sugar-fed leaf was varied, the rate of conduction across this temperature bridge being measured in terms of elongation rate of stems and leaves in the sugar-limited plants. Furthermore the time-factor was very different in the two experiments: N hours vs. 65 to 135 hours, respectively. Despite these differences in experimental approach, the results are in remarkable agreemeilt in suggesting an optimal translocation temperature in the 20 to 300 C range. At the extremes of the range, however, certain divergencies are apparent: at the lower temperature levels Hewitt and Curtis' data show a greater depressing effect of temperature than those in the present experiments; at the higher temperature levels the converse relationship obtains. The latter divergency is perhaps largely to be explained in terms of the greater injury effect on protoplasm in the present experiment as a result of the longer time factor used. The injurious effects of only moderately high temperatures (30 to 400 C) are well brought out in figure 4 , which shows a progressive decrease in elongation rate with time at these temperature levels. On the other hand, elongation rate increased with time at the low temperature levels, suggesting a physiological readjustment of the transport mechanism at these low temperatures. This latter phenomenon was noted much earlier, and also more strikingly, in the experiments of 10I. 
